Introduction
Methamphetamine (MAMP) is a stimulant of a sympathomimetic amine, and is strictly controlled under Japanese law as an illegal drug. MAMP is the most widely abused drug in Japan, and is increasingly represented in criminal proceedings. 1 MAMP is metabolized in the liver after intake, and is excreted mainly as amphetamine (AMP), p-hydroxymethamphetamine (pOHMA), and p-hydroxyamphetamine (pOHAP), in addition to free MAMP. In forensic laboratories, MAMP and AMP in urine are analyzed simultaneously by a routine procedure. However, AMP is one of the common street drugs in Europe and the U.S., and is possibly smuggled into Japan by criminals. Thus, testing for pOHMA should also be conducted to ensure the reliability of the results. Several analytical methods for pOHMA have been described, [2] [3] [4] [5] [6] [7] [8] including methods based on thin-layer chromatography (TLC). Since pOHMA is a parasubstituted phenolic and a highly polar compound, it is in part excreted as a glucuronate-conjugated form in urine. Therefore, hydrolyzing is required prior to the quantitative analysis. Shimosato et al. reported that the free pOHMA and conjugated pOHMA were excreted in the urine of drug suspects. 6 TLC is the most simple and basic analytical procedure, and is used for the separation of widely applicable compounds. Furthermore, TLC is a strong candidate for initial screening in forensic science. Para-substituted phenolic compounds are known to yield the 2,2′-dihydroxydiphenyl derivative as a fluorophor by an oxidative treatment with hexacyanoferrate(III) under alkaline conditions, or with peroxidase and hydrogen peroxide. 9, 10 However, no paper has reported TLC methods for the detection of the fluorophor formed from pOHMA into the best of our knowledge. In this study, a new forensic analytical method based on TLC that applied the treatment with hexacyanoferrate(III) and alkaline, was developed for the sensitive and reliable detection of pOHMA. The fluorophor derived from pOHMA was investigated by a manual mode using a covered test tube; it was then applied on a TLC plate under the optimum condition. It was also confirmed by fast atom bombardment (FAB)/MS and spectrofluorophotometry. The proposed method has been successfully used to test for pOHMA in urine.
Experimental

Reagents and chemicals
pOHMA was purchased from Sigma-Aldrich (California, USA). A standard stock solution of 0.10 mg/mL pOHMA in water was prepared in advance and stored in a refrigerator at -29˚C. Potassium hexacyanoferrate(III) was obtained from Kanto Kagaku (Tokyo, Japan). All other chemicals used were of analytical grade.
The Oasis MCX cartridge (30 mg/1 cc) used was purchased from Nihon Waters (Tokyo, Japan) and activated prior to use by the addition of 10 mL of 2% ammonia-methanol, 10 mL of methanol, and 30 mL of water in that order. The TLC plates (silica gel 60, non-fluorescence) were purchased from Merck (Darmstadt, Germany). Isopropanol-28% ammonia solution (95:5, v/v) was used as a developing solvent. The urine samples (2 mL) analyzed in this study were obtained from normal subjects and forensic urine samples (residue) with MAMP and AMP removed for forensic analysis by extraction with 0.5 mL of n-hexane from samples treated with 0.2 mL of 2.5 M sodium hydroxide.
Apparatus
A Hitachi F-2500 fluorescence spectrophotometer (Hitachi, Tokyo, Japan) equipped with a computer (FLORA 350 DMO) and data-analysis software (FL Solutions) was used to determine the reaction condition.
A UV lamp, PU-2 manufactured by Topcon Corp. (Tokyo, Japan), was used to detect spots on a TLC plate. FAB/MS JMS-700 (JEOL Ltd., Tokyo, Japan) was used to determine molecular ion of the A highly-sensitivie analytical method for the detection of p-hydroxymethamphetamine (pOHMA) in urine is presented. The proposed method combines liquid-liquid extraction with acetonitrile and solid-phase extraction by thin-layer chromatography (TLC) with oxidation using potassium hexacyanoferrate(III) and sodium hydroxide to detect the fluorophor of pOHMA. The detection limit for pOHMA is 10 ng (n = 3). The analysis of pOHMA in forensic samples is successfully performed, without interference from endogenous fluorophors, yielding concentrations in the appropriate range for methamphetamine abusers.
fluorophor. FAB gas and the matrix were xenon and mnitrobenzylalcohol, respectively.
Procedure for Manual Mode and TLC
Optimization of the fluorescence reaction
In order to obtain the optimum conditions for the fluorescence reaction, the effects of the reaction temperature, the reaction time and the concentration of potassium hexacyanoferrate(III) were investigated by the manual mode using a covered test tube. The measurement solutions consisted of 2.0 mL of pOHMA (10 µg/mL), 100 µL of 1 M sodium hydroxide and different volumes (50, 100, 200, 400 or 600 µL) of 1 mM potassium hexacyanoferrate(III). The total volume was adjusted to 2.70 mL with water.
The final concentrations of potassium hexacyanoferrate(III) in the solutions were 18.5, 37, 74, 148 and 222 µM, respectively.
Examination of the spray reagent on a TLC plate
The application to a TLC plate based on the result of the manual mode was examined. pOHMA spotted on the TLC plate was developed with a solvent system of isopropanol-28% ammonia solution (95:5, v/v). After development, the TLC plate was sprayed with a reagent to form the fluorophor, and was then put onto the hot plate. The temperature of the hot plate on which the TLC plates were heated was fixed at 100˚C. The solution of sodium hydroxide (0.2 or 1 M) and that of potassium hexacyanoferrate(III) (1, 2, 3, 4, 5, 10, 20, 50 or 100 mM) were mixed at 1:1 (v/v) prior to use. After the fluorescence reaction, it was observed under UV irradiation.
Extraction of pOHMA by using an Oasis ® MCX cartridge
An Oasis ® MCX cartridge was used to purify pOHMA from urine. After the urine sample (2 mL) was mixed with 2 mL of acetonitrile, sodium carbonate (0.4 g) was then added to the mixture. After mixing for a few seconds on a vortex-mixer, the mixture was centrifuged at 3000 rpm for 10 min, and the supernatant (acetonitrile phase) was separated from the aqueous phase. This procedure was repeated three times and the acetonitrile solutions were combined.
The combined solution was evaporated to dryness under reduced pressure, and the residue was dissolved in 1 mL of sodium phosphate buffer, pH 7.8. The solution was transferred onto an activated MCX cartridge. The cartridge was then washed with 2 mL of water and 10 mL of methanol in that order, and the retained compounds were subsequently eluted with 3 mL of 2% ammonia-methanol. The eluents were evaporated to dryness under reduced pressure. A small amount of methanol was added to the residue, and aliquots of the solution were applied on the TLC plate.
Results and Discussion
Confirmation of the fluorophor
The fluorophor derived from pOHMA was confirmed by FAB/MS and spectrofluorophotometry. The molecular weight was 328 ([M+H] + ion: m/z 329). The excitation and emission wavelengths of the fluorophor were 320 and 405 nm, respectively. These results are consistent with the fluorophor reported by Zaitsu et al. 10 
Optimum conditions for the fluorescence reaction by the manual mode
The effects of the reaction temperature, the reaction time and the concentration of potassium hexacyanoferrate(III) are summarized in Fig. 1 . With increasing temperature, the fluorescence intensity increased and the reaction time was shortened, as shown in Fig. 1(A) . Figure 1(B) shows the fluorescence intensity observed with different concentrations of potassium hexacyanoferrate(III) at 25 and 100˚C. The fluorescence was not observed at 25˚C.
When higher concentrations of potassium hexacyanoferrate(III) were used at 100˚C, lower fluorescence intensities were demonstrated. However, a lower concentration (18.5 µmol) of potassium hexacyanoferrate(III) also showed a lower fluorescence intensity. The absorption of potassium hexacyanoferrate(III) solution is presumed to inhibit the fluorescence intensity, since the blue fluorescence of pOHMA fluorophor and the yellow absorption of potassium hexacyanoferrate(III) solution have a similar wavelength at approximately 400 nm.
Next, we compared our procedure with the other method of Zaitsu et al., 10 which includes incubation with peroxidase for 3 h. Our method showed a higher fluorescence intensity than the peroxidase method. Thus, we considered that our method is more useful in that its cost is lower and the reaction time is shorter.
Application of a spray reagent on a TLC plate
pOHMA, which was spotted onto a TLC plate, could be detected as a fluorescent spot of vivid blue under UV irradiation when the reagent of 1 M NaOH-20 mM potassium hexacyanoferrate(III) solution (1:1, v/v) was sprayed upon the TLC plate. In addition, upon spraying a 50% methanol solution onto the TLC plate after heating, the fluorescence intensity was increased. The detection limit for the spot of pOHMA was 10 ng (n = 3), and the Rf value was 0.26. Furthermore, endogenous para-substituted phenolic compounds, such as phydroxyphenylacetic acid, epinephrine, tyramine and tyrosine, were investigated with the spot test and development on the TLC plate. Each sample was observed under UV irradiation as strong fluorescence spots, except for a weak fluorescence spot of epinephrine.
In addition, the Rf values of phydroxyphenylacetic acid, epinephrine, tyramine and tyrosine were 0.14, 0.00, 0.27 and 0.00, respectively. It was confirmed that the spot of pOHMA was not interfered by these components, except for tyramine. However, the spot of tyramine did not appear as an interference component on the TLC plate of the blank (Fig. 2(B) ). Therefore, it was considered that tyramine was eliminated by the pretreatment.
Application on normal urine spiked with pOHMA and forensic urine pOHMA in normal urine and forensic urine was efficiently recovered by a MCX cartridge, and was detected by our method. Photographs of the TLC plates are shown in Fig. 2.  Figures 2(A) and (C) indicate that endogenous fluorophors in the urine were observed under UV irradiation before spraying. However, they did not interfere with the analysis of pOHMA, and the pOHMA fluorophor was detected with high sensitivity after spraying (Figs. 2B and D) .
In conclusion, free pOHMA in forensic urine can be simply and sensitively detected by the method described in this report. Our method should be useful for screening numerous samples.
